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MEASUREMENT AND ANALYSIS OF WING AND TAIL BUFFETIiG LOADS
ON A FIGHTER AIRPLANE 1

. By WILBmE B. HUSTONsnd T. H. SKOPINSKI
.-

SUMMARY

Th+2bufeiing hxuis m.emured on tlw. wing and tOi.?of a
7i.ghteTairplane during 194 muruwem are @en in tabular
fomn, along with the asso&.ted $ight cod+%. Meawre-
ment8 were made at altiiuti of 50,000 to 10,000 feet and at
qwxis up to a Mach mmber of 0.8. Lea&-squurtx meihods
have been wed fora preliminary ana.?yti of the data.

In the stall regime, the sgwureroot of tlw dynamic pressure
wa9found to be a betterm.emureof th-eload thun was tlwjir8t
power. T’lu loads m.-easuredin man.awers of longer duration
were, on the average, hzrgerthan tho8e mea$wredin maneuvers
of short duration. Cm”derabk load ai%oiatiunwm obtained
~ a gradual eniry into the eta.il In the 8h.ockregime, the
magnitwdeof the load at a @en apwo?amdaltitwdewm deter-
mined by the e.rtentof thepenetration beyondthe bu@i boundary.
For a nwdi+ation of the basic airp.?unein which the wing
natural freqt.enq in jundum.enM bending wae redwcedfrom
II.7 to g,s cp8 bYi%?addition of intt??%dW8@h48 near he IO&I

iip,a 16-per& decreuwin wing loaa%and a eimih percentage
increase in taiJloaakre+ndted.

l’lw loads on a timplijai wing bwffetingmodel are exumi~d
on the assumption thui bu$eiing i-s the lineur response of an
aerodynamically dumped elustic 8yetem to an aerodynamic
excitation which i8 a stabumy random prows. The agr&?-
meni bdween the Teswh of thie anaJy8i.sand tb load-smeueured
in stalls is s-ujicierdly good to sugged tlu emzmindion of the
bu$eting of otherairplana on the same hawk.

INTRODUCTION

An early investigation of buifeting which utilized the
North &neriwn F-51D airplane (ref. 1) provided basic
information on the flight condititms under which buffeting
was encountered and provided measurements of the magni-
tude of the btieting loads on the horizontal tail. Speed
and altitude were shown to be primary variables, and the
load data were reduced to dimensionless coefficient form
by means of the product: Dynamic pressureXTail area.
It was hoped that such a buileting-load coefficient might
be applicable to other airplanes, but the assumption that
a form of coefficient common in steady-state aerodynwnica
would be applicable to a dynamic phenomenon was recog-
nized as requiring further investigation.

Since the completion of the tests of referenoe 1, a number
of other experimental flight and wind-tunnel stud-k have
been conducted. The effects of airfoil section and plan form
on buffeting have been investigated. Buffet boundari~
of a number of spectic airplanea have been obtained. In
several instancea wing and tail loads have been measured
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during buffeting with special research airplanes. An analyL
iail approach has also been made to the bufleting-loads
problem, based on methods developed in the study of
station~ random processes (see ref 2).

Upon completion of the tests of reference 1, plans were
made to extend these tests of the same airplane to measure
wing loads and tail loads simultaneously during buffeting
and, at the same time, to measure the ellect of maneuvar
rate and the eilect of penetration beyond the buffet boundary.
In addition, the altitude coverage was to be improved in
order to resolve more clearly the effect of this variable and,
since it was thought that structural frequency might also
be a sign&ant variable, protilon was made to modify the
wings for several teds in order to measure some buffeting
loads with a reduoed wing frequency.

The purpose of the present report is to present the results
of thtie extended flight tats and, especially, to present the
magnitude of the buffeting loads measured. The basic load
data involving 194 runs axe given in tabular form, together
with associated ilight conditions. The results of pre-
liminary studies which illustrate certain trends in the data
are also given, but this analysis is not intended to be defini-
tive. Although the present tests do not covez either the
co@gurations or the speed range of greatest current .titerest,
some of the variables are covered more extensiviily than
in other teats. Stall btieting, in particular, which will
probably be common to all airplanes Tvhatevarthe configu-
ration, is extensively oovered, and it is believed that all the
data may be of value to those who are interested in the
prediction of buffeting loads. The results of an analytical
study in which the methods of generalized harmonic analysis
axe applied to a simplified wing buffeting model are given
in an appendix.
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SYMBOLS
aspect ratio, bfi
constants used in tail-load equrbtions
constants used in wing-load equations
wing span, ft
effective slope of lift curve for damping of sm@.1

oscillations of a stalled wing in tit bending
mode

airplane normal-force coefficient, nW/@S
mean-square value of coefEcient of section-

normaI-forve fluctuations in buileting
average wing chord, S/b
frequency, cps
pressure altitude, ft
TV@ Stifb18SS,lb/ft
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root structural shear load due to buffeting, lb
amplitude of maximum roo&structural+hear

fluctuation due to buffeting encountered during
run, lb

Mach number
normal load factor
penetration beyond buffet boundary (defined in

eq. (13))
dynamic pressure, lb/sq ft
coefficient of linear correlation
area, Sq ft
standard error
time, see
time between onset of buileting and occurrence

of measured load AL
true airspeed, ft/sec
airplane weight, lb
angle of attack, radians
circular tiequency, 2@, radians/see
residual, that is, a measured value minus a

calculated Vfdlli
Subscripts:
au average over class
-n onset of buffeting
13.L’ buffet boundary
E end of buffeting
L left
mux mnximum
n natural
R right
T tail
~T Wing

Mean values are designakd by a bar (as ~; time differen-
tiation by a dot (ns a).

Nota: Symbols used only in appendixes are detied where
they occur.

AIRPLANEAND INSTRUMENTATION
AmPLANE

The airplane used for the prwmt tests was the same
North American F-51D airplane with heavily reinforced
horizontal tail, fuselage, and wing used for the investiga-
tions reported in references 1 and 3. The testairplane is
shown as a three-tiew diagram in iigure 1, and as a photo-
graph in figure 2.

The airplane is equipped with a Packard V–1650-7, 12-
cylinder engine and a 4-bladed Hamilton Stmdard Eydfo-
matic Propeller, 11 feet 2 inches in diameter. The propeller-
to-engine gear ratio is 0.479 to 1. Geometrical data for the
airplane we listed in table I. The natural structural
frequencies of various components as determined by ground
vibration tests are listed in table II. In this table two sets
of valum of w~c natu.ml frequency axe shown. One se~
npplies to the basic airplane configuration and to the greater
portion of the tests reported herein; the other set applies to
the modified airplane, that is, the airplane with 100-pound
weights added internally near the wing tips in order to lower
the wing natural frequency in the fundmnentil bending mode
from 11.7 to 9.3 cps.
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FIGURE2.4ide viewof testairplane.

TABLE I.—GEOMETRICALDATA FOR TEST AIRPLANE

Wing:
span,ft--------------------------------------------- 37.03
wwft ------------------------------------------ 24(J. 1
Mean aerodynamicohord,ft--------------------------- 0.63
Aspeotratio-------- -------------------------------- 6.71
Wotttich- mtio---------------------------------- 0.16
mptticbm mtio----------------------------------- 0.12
Tayrmtio ------------------------------------------ 0.462

HorizonWtail:
Span,ft--------------------------------------------- 13.18
k%sqft ----------------------------- ------------- 41.0
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TABLEL-GEOMETRICALDATAFORTEXl!ADIPLANE-CanL

Weightat take-off,lb:
Btia@lme --------------------------------------- 8,995
Mo~@dwlme ------------------------------------ 9,149

Centm-of-gravitypositionattake-off,peroentM.A.C.:
Btio@lme --------------------------------------- 27.2
Mo~da@lme ------------------------------------ 25.3

TABLEIL-NATURAL FREQUENCYOF AIRPLANE
COMPONENTS

wing: B- %%ti-
mw

Fundamentalbendingfrequenoy,CPS------------- II-7 9.S
Fkstasynunetncbendingfrequency,CPS---------- 223 13.1
TomIonf~umoY,ops------------------------- 33.0 34-5
Seoondsymmetriobendingfrequenoy,OIL-------- ---- 520

Horizontrdstabilizer:
P_&ndingf~umoy, ~s----------------- 25.o 25.0
FiratasymmetrIobendingfrequenoy,OHS---------- 360 3&0
Tomionfmquenoy,ops------------------------- 70.0 70.0

Fuselage:
Totionfmquency,ms------------------------- 9.8 9.S
SidebendhgfMuenoy,ops--------------------- 126 126
Votiiwlbentigfmquenoy, ~s------------------ 149 14.9

INSTR~ATION
Standardinstrt.unents.-Impact preasure,pressure altitude,

rmdnormal accelemtion were measured as functionsof time
with standard ~ACArecording instrumem%. The airspeed
head wasmounted on aboom extending 1.2 chords aheadof
the leading edge of the wing near its right tip, and the
hlK?A airspeed-altitude recorder waa located near the boom
to minimize lag effect-swhich are believed to be negligible
for the rata of change of altitude or airspeed encountered.
The airspeed system was calibrated for position error up to
a Mach number of 0.78; this calibration made pow.ible the
determination of the f&ht Mach number to within +0.01.

Airplane normal force was measured with an accelerometer
mounted near the airplane center of gravity. The sensitive
element had a natural frequency of 16 cps and was air
damped. The damping was adjusted to 0.6 of critical at
sea level, except during the tests with the modified wing,
when the damping was changed to 0.6 of critical at a pres-
sure altitude of 30)000 feet.

Strain-gage installation.-Measurements of structural
shear on the wing and horizontal tail were made by means
of wire resistance strain gages wired in four-aotive-arm
bridges and attached near the roota of the principal struc-
tural membem. Shear bridges were attached to the spar
webs rmd bending-moment bridges, to the spar flanges.
The entire installation was calibrated by established meth-
ods. (See ref. 4.) For the shear on a wing panel, this
calibration resulted in two combined strain-gage channels.
One of these combined channels was principally sensitive to
shear and secondarily sensitive to bending moment; the
other channel was primarily a measure of bending moment
rmd secondarily sensitive to shear. The outputs of these
two channels, recorded as a function of time on a multiple-
channel recording oscillograpb, could be combined numer-
ically to obtain the whqg-panel structural shear. The shear
on the left and right panels of the horizontal stabilizer was
obtained from the outputs of the left and right combined
strain-gage channels which were sensitive to shear. This

strain-gage system reprments an improvement over that
used in reference 1.

The recording oscillographs used employed galvanometers
elements with a natural frequency of 100 cps whioh were
damped to about 0.6 of critical damping. This combina-
tion of damping and natural frequency insured an approxi-
mately linear response for the buffeting frequencies expected.
Speoial care was taken to balance the gahmometer elements
so as to keep any possible acceleration effects within the
reading aceuraoy. Variations in sensitivi~ due to voltage
changes were eliminated by provision of a calibrate signal
on the record for each run, and the stability of the strain-
gage installation w-aschecked at intervals by application of
known loads to the wing and tail. The overall experimental
error in incremental values of wing root shear obtained horn
the strain-gage-oscillo=-ph system is estimated from the
calibration as less than +130 pounds; whereas for the in-
cremental valuea of shear on the right and left horizontal
stabilizer the estimated error is of the order of &80 pounds.

TESTS
All tests were made with tbe airplane in the clean con-

figuration, and the power seMi.ng, at low Mach numbers,
was that required to attain level flight at the altitude of
test. In tests at Mach numbers gnmter than the level-
flight capabilities of the airplane, normal ratid power w-as
used. Of a total of 194 runs in which buffeting was meas-
ured, 160 were made with the bsaic airplane and 44 with
the modiiied airplane.

With the basic airplane, gradual turns to the stall were
performed at nominal teat altitudes of 30,000,25,000,20,000,
15,000, and 10,000 feet. Pull-ups were performed at 30,000,
25,000, and 20,000 feet. The range of Mach numbem cov-
ered was 0.34 to 0.792 at 30,000 feet and 0.23 to 0.41 at
10,000 feet.

With the modified airplane, the added wing-tip weights
introduced local stress concentrations which restricted the
maximum allow-ableload factor for buffeting flight to 4 and
limited the maneuvers to pti-ups. With the airpkme at
30,000 feet, bufleting cannot be obtained at speeds between

kf=O.54 and M= O.73, without exceeding the limit load
factor of 4; wherese at 10,000 feet, buffeting is not encoun-
tered at speeds between M=O.32 and the mtmi.mumpermis-
sible diving speed which for the standard North American
l?-51D airplane is a true airspeed of 537 mph. For the
modiiied airplane, buffeting was, therefore, obtained by per-
forming pull-up maneuvara at 30,000 feet and 10,000 feet at
speeds limited by the foregoing considerations.

METHOD OF OBTAININGDATA

The procedure and.deihitions used in presenting the results
of this investigation are beat illustrated by referring to the
typical time-history records shown in figure 3. The ac-
celerometer record (iig. 3(a)) was used to establish the time
for the beginning t~ end end tn of buffeting, as well as the
duration of buileting. These values were obtained simply
by observing the point at which there was a distinct change
in the charactar of the accelerometer trace. The airplane
normal-force coticient CNwas obtained from @e accelerom-
eter and airspeed records. Values of C7Nduring buileting
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(a)

Time, sec ,

(b)
(a) Accelerometer record illustrating timm seleoted for start and end of buffeting.

(b) Osoillograph reoord showing data selected for btiet load evaluation.
FIciuRB 3.—Ty@al tight buffeting recorda-

were based on a mean line faired th.&gh the fluctuations of
the accelerometer record. The airphme norm~-force coef-
ficients at the beginning Cfi=and end C~Eof buffeting were
determined and corresponding value-sof Mach numbem MB
and ME were also noted. In dete‘imining all values of air-
plane normal-force coefficient, the value of airplane weight TV
used for each run was the take-off weight corrected for the
fuel consumed prior to the start of the run. The mtium
rate of change of airplane normal load factor h prior to the
onset of buffeting was determined for each run, as in figure
3 (a), and the maximum rate of change of angle of attack per
chord traveled &5/Vwas estimated horn i on the sssumption
that the speed remains constant and

. _dO#l _ tiW
a dCNJda g~ (dCN/da)

and hence that

&z n CNB ~
V=zwv

.
k this relation, a nominal value of 5.3 was used for dCJda.

A typical oscillograph record for obtaining &g and tail
loads is shown in figure 3 (b). The six ties identified with
nurnbera in this figure were employed. Traces 1 and 2 axe
measures of root shear on the right and left horizontal tail,
respectively. Root shear on the left wing panel is measured
by a combination of the deflections of traces 15 emd 17 and

on the right wing, by a combination of traces 5 and 16.
Buffeting loads, which are incremental lords, were deter-
mined tim the peak-h-peak deflections of these traces
(designated 6,, etc., in fig. 3 (b)). The bu.ilet-load values M
reported for a run are one-half of the largest peak-to-peak
fluctuation in each of the four loads encountered during that
run. The time of each load maximum wcs recorded and is
reported as the incremental time &Zoti following the onset
of buffeting. Through use of a timer common to the stand-
ard flight instruments, vahma of M, CN,and q corresponding
to each butleting load were determined.

RESULTS

BUFFETBOUNDARY

The data acquired in the present investigation of the basic
airplane are incorporated in table ~. For tho modified
airplane the data are included in table IV. Tables ~ (a)
and ~ (a) deal with the operating conditions under which
bufleting was first encountered and under which it ended.
In addition to the numerical data, a pilot’s note column is
included. In most instanceathe pilot eatinmtedthe iutensi~
of buffeting in one of four categories: very light, light, moder-
ate, or heavy. These comments have been designated by
the letters v1, 1,m, and h. The pilot’s notes on the direction
of the roll-off after the stall are also included, left and right
roll being designated by L and R, respectively, while no roll
is indicated by N.
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TABLE IIL-BUFFETING CONDITIONS AND LOADS OF BASIC AIRPLANE

(a) Operating Conditions
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80

am
.316
.316
.SKI
.343

.360

.mt

.417

.447

.4M

.6U

.m

.M3

.ms

.6%5

L270 26,4m
L 177 34,3m
L 181 %4m
L lEYI!qm
L 176 ‘26/MI

L 10 W3M
LIM Uom
L106 253m
L UN 25,w
L 076 26,Sm

-....-
aa
------
----.-
.3W

.359

.3s4

—--a-
m

-.-.--
------
.7%3

LM2
.707

TanM atan altitudeof10,@YJft

a227
.249
.278
.2%3
.317
.334
.360
.378
.4U

142
143
144
146
140
147
14s
149
m

lqm
10,4m
m.fw
1~4m
1~lm
1~4X)
10,m
U,uu
IQ ‘w

L233
L 313
L323
L346
LM4
L%
L 247
L 247
L 102

ag : yw %40 ------
L 46 ------

.K1 L 01 276 ------
L86 3.17 215 -----
Lm :40 240 ------
0 2a3 ------
L40 L33 am -.-.–
LW L44 2eJ3 ------
29 L@3 216 -.-...

1
1

---------- ------ —-—..—--
------
------

.m

.644

.664

------
......
.....-
.733
.040
.s03

m
m

...-—
—----

L@
L044
L120

l,~L

h
h

____
——--
—----
—----

m----.- -.---- ——.-

*LettmausedIntbf9columnbnvethefOnO* slgnmc3um:
V1 verylkhtbnffoling L leftrolf-off
1 Ifgbtb R rightmn off

N noroll
h hVy buffethw
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TABLE 111.-BU2?FlEL’INGCONDITIONSAND LOADS OF BASIC AIRPLANE—Continued

(b) LeftandRightWing Loads

W atanaltftndeof30,C03ft

I IA I Right

Tm-nsatanaftftndeof25@3 ft-fXmelnded

#’jEJiiJg: : * ;:: :
6.-= ..% .-..k_i~-..------_.i------..i.--:_-i--..-–-------------------

II]
11 m .@
12 b67 .475
13 023 .m
14 815 .407
fu 774 .832
16 813 .525
17 384 .533
18840.
19 m .m
m 854 .eol
21 624 .Om

619 .62%
B
2 LMO :%
251#ll?J.
23uZJ. og

24~332 :fsa

4

am. m
2a403.7al
31 U: .%

335ss:755

Ill
55%:E
E6952.0S3
57 5E3 .716
E$L316 .731

591,354.bm
62 Es3.@4
01L
02qlm :%
03L32S .i
04LM .768
03 761 .709

fILOL WI -------
97.1L 031-------
llLO .970-------
Iw 3 .m ------
107.5.W -------

1!
113.1.963-------
119.2LfB33-------
123.9-----------.
15L .w ------
16SOL@33-O.170
lIM.5Lf@3–.142
lb%8------------.
182 LQS4 –.020
In LO15 –.fL16
177.3LW4 –.@30
167.2------------
l!?a5.---........
p{ -.tii-------

224.0l_ _-:?
2823 ------------
264.3.614 .rm
2M9 . .130

i

KL2 L 1 -------
54.5L lM ------
al LCC32____
Z&8 L275-------
m.1 .C171-..-–-
7a3 . -------
949 .855-------
fno .%9 -------
%8 L194-------
llL5 L IX!------.
lla2 .’231-------
117.1.W1 --.-.–
laL2 .8Q7-------
lU 8 .921------
137.0L K@ -------
WLo . -------
leao LW3 ---.-.-
lm.5 .
1827L014%!
21L2 .Wn –.oa3
lEa.4.Um –.@59
!m20
214.2:3f3 :043
21Z0 .078 .
2320 .s31 .

.19

.43

.84

iE
.44
.83

.-.-.—-
i%
.83

,—-----
245
.46
.78
.19

:%!
L?&
L07
LfO
!L97
Q 81

a32

;:

L23
L04
.!%
.76
.45
.U
.&a
.7?2
.78
.84
.21
.70
.19
.81
L18
L2f
3.03
2m
L45
L 67
.73
4.al
3.@3
4.86
3.!23
&m

1/
793 .453
0e3 .4n
733 .4W

L .497
723 .m
7M .5=

-- g::

831 :ml
m .W1

-. 751 .an

~lj :%

!413:F4
L% .m

693 :n7
a .706
6fb .701
6a7 .749

1
9LOL 091------- .19
‘W7 L026------- .59
HL o .fnl------- L82
lM 3 .Sm ------- :%
107.6.ms -------
1L22..fm-----– .s
la] L 018------- .34

ml

la 9-------------------
L5L2 .’W5-------
m. oLO -k i%

+-

l@l6L044 .131
168.8-----~:= __!!
1&28L 225
!am.9L025 –.Kr9 .25
177.3LO14 –.0$3 .78

{ 1
1W9 -.-.-—----
m 1------------
21eLo---.--.-----
24L9 .Sfl .6X
!a4......--.----
~: --%7--:E.

%7.6 :CU3 .149

aEr

:17
77.0L 180-------
69.3L059------
07.0LfLSl---.-.-
9L .s33-.-.---
llL5LOS1------
110.2.Q31----–-
110.4.970------
fi: .910-–.-–

-------
lbaziw --..._
Ea.o .EQa------
lb9.6L025-~135
Ig : i3Jz –.223

–.644
ml .’am–.cQb

.w –.010
%6 .944 .W-4
z14.1 .813 .&
217.7.
2620 .7P1 –:no

(L69

1%.@
.96
.6s
.52
.17
.91
.m
.Ea
::

.42

.55

.69

.2J

i%
L12
L40
293

k%
.77

H{
225.3.sss .@w 4.31
~: .% –all 4cm

.133 4.80
R: :71Q .27 3.fa

.324 473
m5.7 :X8 .2@ -------
30L0 .470 .ln 5.8s

~1 4og’a,&

g g :yJ

II
09 43s .810
70542.379
n 4m .2al
72!% 5.3s3
73g.~
7
75 m :470
;6.46J

78m:b52
79 E3a .559
80 W .676

44,01L131------
74.0L 149-------
5hOL125 -------
525L2U ------
b9.1LlE3------

1
7AOLM9 ..—
81L4LM0 ---—
WL3 L078-..-.–
W.3 L038-----–
n@. LO.59.-.-.–

4
E%3 .959------
14&o L023---...-
Im.o .W ------
I@-4 LO -----
175.0.M3 ---.–.

L44
.45
.s9
.43
.75
.46
.ea
.72
.05
.49
.n
.76
.67
.27
.76

4wl’a!a5

J

411 .301
E32 .312
m .3L5
637 .224
m .W1
Ma.
m.
Ea2 .441
778.

~w .491

1*WJ :
052 .5E3
W3. +!

4A1 L lXI-------
74.2L lM -----
55-1LIM1-------
64.0Ll% -.–...
WO L!A3------
74, L lM -..-_-
~S L K% ----–-
‘W.8LOI$------
10=s.3 -------
ILL6 -939-.-.–.

------
Ifioifm ------
170.0. .-—--
163.4LW3 -—----
173.6.929-_.---

L49

iZ
.31
.E3
.57
.m
.72
.e5
.’af
.81
.Sa
.67

iE

B[fj~~1~~‘------- ‘---- ‘------ ‘--------- ‘---- ‘---- ‘--”---- ‘---- ‘------ ---E%-’

,,i ,,, ,., ,..
PnU-np2atemeltftc+leof25,W3ft

J

94.-----------------------------.........------.-----------------......--......
96------------------------------..---------------------------------------------
96---------------------------------i-%..-~zi ~.z -------------.....---------
971,2190.W7 22L8/WOl-&W0 Z. 8,fL870-a 4.&5

—

TTn-nsat8nrdtftado0f20,cmft

w xi!2anaamE
lfm 216 .233
101 454.
102 7.

i d
103 K1 .Xzf
1 m .2s3
mu ml .34
I 479 .393
107 678 .

J4
lm m .ml
lcll842 .
llo 027 .
111 WI .
1 644 .463
lla 9W .
U Ml .5s3

H
3a2 1. .......
424 L24 -------
54.3L -------
65.3L%9 ..-----
7’& L12S-------

I
0s.9L104---...-
7&e LLW -.-----
~8 L242-------
164.0.frm-------
164.3Llll-------
107.1L 105-------
12b.1------------
l’aloL024-------
137.4------------
140.81.04-------
la 6L030--.....
lI?A8 .s?3-------

2!23 4oo’fl237
.74

{

348 .249
.82 240 .X3
.m WI .Za
.fa W5 .337
.70
.42 n9 IE
.23 076 .347
.76
.20 % :% I

67.71.235...... L 69
414 L233....... .67
54.3L176.......
55.8L249....... :!J
71L3LO135......-
697 1.0X3...--.. .63
77.11. ------- .33
79.8L2$2....... .W
16Lo .W31..-...- .77
16L3L 111....... .2$

.52

H {
W7 .4fK1 107.4L07 ......- .74

.04 S-24.435 la 3 L076....... .37

.m F .433 1% oL04 ...--.. .IT3
.452 137.21. .------ .W

:: w .4 14&8 1.047------- JJ
I@.6Lam ......-

.m l,E “% ma 9 .W2 ....... .51

iii a:i~~--!~‘~3“agJU -----.:Tz --.G.i L ::~:::: ----:m---

-------- . . . . . -. . ..-. -------

Pnlkw ataneltltudeof20,CHKIft

lzl WI am 37.9L3M ------- ag n4 0.23-7 37.91.180..----- 0.04
al .271 6L1 LISl------- E435.271 621 L2Z3....... .41

la m .2JM 029 L 1~ ------- .m P .m 6Lb1.021....... .81
124Lm .372 927 Ll@l------- :% 0 .307
lz5L W .4m 1228LIE??-------

M3 1.W5 .....-. :x
~m lab LIMO.--....

13&5L 147------- .= m .435 127.b1.Co7-------
% ‘% :%

.74
Mao L1315------- .84 787 .478 154.0.W2 ......- .78

m ----------...%-i --% .-i-= ...i-------.i%..iti...=-. ..5 ..i.ti.....-.
m 623 .740

421 .745 2SL9 :642 .M7 L 31 404 :746 284.5:m .@l i!ll

Tin-matm eltftnde of15,WIft

‘J!
131 2970.219 W.6 L3frJ------- a40 4380.219 39.6L3N ....... 0.44
;3’Jgb .245 4k3 L2M ------- .17 478 .245 46.3L 313....... .23

6LoL833-------
1 TL4 1.070------ i;

g .~
M7 :!2%3

61.0L303.......
7a9 L 649....... 1::

12J 531 .m 7&2 L 197------- .82 w :W7 78.2L 197------- .E3

1 m4 .W 925 L 123------- L 49 m .234 91.bL 133------- 1.40
10Z9L 107------ Z 75 .353 lm.1LOW ....... Z54

139t% :Wll lf7.5L077-------
Ha w .406

117.51.cm ...---- .00
13&6LIM9-------

140 .425
$ KJ :% lW oLOM .-...-. L 89

147.0LO.i2------- 14&7L mu ..-.-.. L=
Ml 1.CB5. 170.4L@ ------- L48 923 :454 17U4 L~ ------- 1.43

1’ I I I 11 1 1 1 , !

Tnrm9atonaltftndeof10,fOlft

11/
1 4fBo.2nl

.242
12
145 m :%
140 .319
147 973 .340
149~230 .349
lore.
1 607 .414,,,

L1
49.0L183-------
@. LQ32--.-..-
7&l L182-------
8%3 ~2.41------

-------

1117.L 641-------
1233LfB3-------
14&lLlfU..-----
173.4L075-------

z 19
1.17
LW
.33
.30
3.27
L&3
LJ53
.52 I

54.4LL53------- 1.m
@l.3Ll@l....... Lob
75.7L 174.--.... .91
.sQ.% ::-... .34
. . ..... ,37

114.91.IZ3------- 1.09
Hf.ol.m ..-.-.. 233
144.OL1O3 ....... 1.co
17Z4LW3 ....... .44
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TABLE 111.-BTJFFETING CONDITIONS AND LOADS OF BASIC AIRPLANE&C!oncludd

(o) Left and Right Tail Loads

‘+TGRT=’“+l~iJ4~~.TuImat an dtftuda of W,am ft Turnsatanaltltndaof25,mIft-ckmmlnded

1
,,,

0430.347
476 .67
~ .O&J

2?3 :673

1 4020,324 47.7Llm ..----- L33
2 120 .m 40,4f.142.......
a 421 .316 4&9 L 141.....-. i:
4 148 .a47 612 L 141------
6 ...-..-.............-.-------...?-rn_ 11

mm a
82 616 .674
am7 .m3

139 .657
83340 .074

M462 .&xl
mm .7m
Esa33 .727
.ss557 .723
91 4n .733
91 lea .7
92352 .m
93734 .no

“1210.8UWI –o.ma
.s6 –:C-#

m4 .nl
2M.3 .8!2% .m
254.2.833 .ma

~ a% 47.8L lW ._--.. L39
40.4L 142-.--.-- L70

2s7 :249 43.9L Ml ------- 420
182 .a47 a2 L 141------- L2U 4 I

2m.4amo –UOM L67
22S6 .= -.646 L 18

.766 .026 L46
‘2&L8.W22 .01
233.9.027 .am i%’----l-----l------+-”--l------l-------

6 74 .356
7 4a .a49
8 m9 ,mf
9 615 .374
10 X9 .410

11 609 .4m
12 252 .467
13 m .&xl
14 452 .4@3
16 476 .E05

16 477 .524
17 w .Es7
18 m ,580
19 w .&m
26 421 .Cm

21 m .623
!22 467 .W7
2s 272 .ml
24 507 .040
25 014 .042

26 446 .IM9
n 302 .072
m 659 .OfQ
’29 248 .695
all 440 .720
31 290 .769
32 m .700
33 259 .748

I
50.5L142......-
S3.OLOiYI-------
aL21.lo2-–-...
6211.119-------
m 1.1113-------

1:$

;E
.23

.39

.80

.n

.73

.81

.49

.62

.24

i:

.46

i~
.34
.30

i;
LES

1::
1.15
4.01
10.SS

%2 .

1

.aw hm
!MLO .&m .207 210
2920 .7!22 .127 211
BL 6 .673 ;= 284
!2WL7.643 L@9
am o .433 .070 L 10
3124 .m .W 2.W
~8 .Om .+ 3.fs

{

5Q6L148 -------
6%OL1W ..--–.
~ L070-.---.-
@&OL121 .---.--
oQ8Lm5 -------

.15
L2U

i:
.44 1

411 .ea

i% :721
725 .749
548 .733
ml .7
42a .770
348 .7m

m.1 L07%-------
oa7 1.026-.-....
lIL7 .m .......
ma 7 .s9 ...-_.
lm.2 .ml .......

WA 6 .Q49-------
ML 11.m6 -...–.
la 2....-.--....
1629 .Wa .------
1028L~ ....... 4

E :%
376 .4ea
4m .530
4’m .HJ5

596 .m
m .

% :%
317 . 1

sQ8Laa6 ------- .m
93.4 Cm ...--..
llL .s?.5------- %
107.6.Wl ------ .52
1CR2 .ml ------- .&2

Il!l .9W ------- .64
119.6L @33..---.- .n
lm. ........--.. .20
1629 .Sm -------
1629 .Um .------ 2-?

11?J3.61.044-.----- .@g
IECL8-----.------ .17

.W3 ------- 2.72
%OLCC36 .------
17%11.034 0.049 ::

., ..
Rdl-uPsatan eltftadeof26JWJft

4 4

84----------.------------..----..-------------.....------------------------
------------------..-.----- ..----.-.---- ---------------------------

97--% k-iii---g-i6X.El--i-k ---i-rn-----Gi~--------~~~ -~-& –-$-~

I@ 1L045...--..
159.1-----.......
17%.2 .m ......-
‘AW.61.0i9-o.fal
18L7 L~ –.047

lm.4 ........----
Iw 9 .......-----
217.0.....-------
244.8.772 .017
22a3....-.......
m24 ....-......-
21B.6.622 .1?4
2s7.1 .mf .149

Tmns at an oltftode of !al,CWft

I I I I
‘m da 231
w 146 .240
IW ml .2%2
101 67 .!B7
Ma 225 .23s

I252 LL%5------- 240
424 L261------- .EK1
64.3L170------- .93
55.0L!w3..-.-. .75
7&8 .ma ..----- .m

m.oL!2M.------ .65
70.0L@3 -..--.-
7Q6 L 211------- ::
103.0L 124._._- .40
Im 5LQM -–-_- .b5

1
283 L1S2-—---
42 L% .-.-—
6L3L~ ...-—
6Lo L216..--_-
7&3 L02Z–.-—

184.0------------
199.3...-.---...-
fl~; --% -------

224,91- ._:!’!!
pl; -_ti-------

.lls
m. ‘a:Fm .0a3 1639L~ -----

70. L 1S9.--._-
~4L180 -----
103.OL14O.-–---
10&5LOM -------4{d

103 113 .m
104 Isa .?s-2
105 21 .340
1 m .392
107 144 .

.al

.b5

:Z
.Em, 1 I

) of ?J3,COIftPlm-up4atan oltf
I I , 4

m !22$.4m
109 2L5 .&l
110 no .423
111 210 .4!9

:ti 532 %
114 191 .m

J

116 K@ .m4
116 Im .543
117 104 .740
118 166 .740
119 143 .7’5.9
m .733

174 .4m
214 .43f
K@ .42a
m .4.W
m .467
552 .4m
lWI .mg

\

11 .534
94 .543
67 .740
166 .733
128 .7b5
116 .732

H
107.1.fw ------ .83
ELl LW ------ .61
E&9 LC@l-..----
la7.11. ------- %
146.8LCW ------- .X1
MS.6L~ --.-_-
If@.L023------- :$

It]
107.11.103___
IX 1LC61____
126.9LOB ------
187.OLCBO-----
146.8Lf@l-----
16%3 626-------
112L8Lfw3-.-----

%’
.43
.4Q
.21
.69
.s

1 I I 1

24 416asm
35 4W .3BI
34 504 .as$
37 E36 .4f4
m m .416

39 m .421
40 513 .444
41 719 .454
42 876 .464
43 m .4s9

44 al .4WI
46 781 .616
46 619 .537
47 6s2 .617
46 m6 .6m

4a7 1.015-------
54.3L 130-.-....
e&9 .m4 .-.-...
75.31.340.-..-..
7h3L046-------

a83

:%
.41
.m

:%
.70
.45
.al I

623a236
449 .349

$% :E
621 .418

g .g

%! :2
m7 .m6

777 .
n4 .617
7m .543
014 .&49
m4 .5s0

H
40.6L 124------
E3.4.mo ..--–.
04.6.%% -------
76. 1.376-------
75.6.9m ------

a62
.94

:%
.72

%
.67
.61
.2a

.05

.m

.M

.48

.44

:%

i;
L3!J

i:
1.11
289
.91

&n
2’53
&04
3.82
L@

7%4 L 2MI.------
97.0L 018..-----
9LOL~ ..-.---
m.s L 194-------
lm 7 Lmo ..----- i’?

822 LZ33------
97.0LOW ---.---
9L8 L @M -------
96.9l.lm--.--.-
llL5L E&l-------

lIL2L@EI-------
118.3Lm9 -------

.970-------
143.5.w -------
134.5LOII------

169.8.@3 -------
1629 .973------
17a7 . ..--.--
IM.1Lml .------
2m.5 .%37..-.-..

J.
10.58.s%3------ .37
203.8l.m -..-–. .I.2
2&18
3K19 .m

.ms ams
.070 4%

407.7.4!4 .0%
3S7.6 . .an ii

16h

‘f

.’W9-------
m5 m .-.—-

.512 a of2
3m3 .645 .0-40
407.2.451 .6s3
387.6.W .017

.38

.18

$

ZQ16Q6 .0!2..-.-,
117.6.m7 .-...-,
lm.6 .910...--..
13L5l.fuo....-.
X37.o L 118.-..-.,

1040L026-....-,
lE3.2L970.--....
170.3.055.......
la o L 013...--..
!&9.6.fGa-o.w

.79

.W1

ig
.m

.13

.72

.40
1.m
L2$

I I II I. . .
Pull-urn etan altitndeof20,MHIft

Eu !m’am 37.9L2$7------- a87 2J6’am 1’
W 231.X$ 37.5L1M .4 a04

i:

44.8.m ------- L“W 222 .m
123 ml .334 ea LI19.------ .C4!
184 an . 9L5L 106------- .69
125 m .429 1246L 047------ .Ei2 1341.4g2

027 L165.-..—
u% 2L040------ :R

1!23441 .437 rzaaLWS ------- .2/3 434 .487
127 619 . 157.0LCEYJ------.

12a3Lma ------- .69
m .473 154.0.m2 —----

lm ----------.-.=.$ --G;.-6-= __;!! +-----------------------------._::
ml lm :% 1
Iml asa7 :522 .072 .63

m .7Z3 ~~ .2 aa57
la .749 .W i;

Tum9 ataualtftndeof15,Clxlft

I i

m 146a 216 3&6 L 1S3.------ 0.o1 162azm
132 146 .242 48.4L233..----- .33

4al LW-4.._-.- a 24
124 .242

123 lea .269 m.o L~ -------
4%4 L!B3–.—

.74 137 .Zzl 6Q0 L 231------ :%
134 102 .!W3 70.1L163------- .78 148
135 ti5.S#a 78.6L 17U------- m

70.6L124---_- .al
61 :am 78.7L WI ------- .89

m m .3a3 9L6L124------
la7 m .251

L 17 m ..W m.o L123------- L@3
1024Ll12-_._- 2g3 343 .2.54

13s 216 .2W
163.8L079_.--.. 222

117.a1.107--..-.- m .3s2
18L2L~ -------

IKI.aL046----- L@
i~ .?s2. 13L8.Lfrm------- 202

;2! 2s :X+ IB aL 073-------
lm.1L 041------- i 3

202 .
141 .2a .454

lb2.3L072-----
214 .456 17L2L045------ i$

l-’m-nsetenaftitudaOflO.m ft—

142 m 0.234 f3.aL206.–.--. am 64.8L234---.— L la
142 321 .247 6L2 L lTJ.--._.

n.6L 145----- i~
6L6L 172>..-_. .24

14 318 .275
146 ml .!237 89.1L 121------- L 26

436 .270 7al w ------- L&l

140 m ala !ae L120------- .76
89.1im --–-- LW
ml LOM ------ .50

147 407 .Wo 117.1LOS3------ 2.09 ml .2.40
149 m .232

117.2L041--.— 210
124.6LIW7--.--.- L22 394.?m

149 w .m
1247LCK@-.-.-.- L 24

14481.072--.--.- 1.W
lW 2s6 .414 173.4’Lm -----.-
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IV.—BUFFE~NG CONDITIONS

(a) Openiting conditions

g Pn&
km MB CNB hmit A

v
&w. MB Cl?g

(a)

Pan-up atan altwdo of36,m ft
—
1

:
4
6

!
8

18

U
lz
13
14
15

16
17
18

$

x
22
23
24
26

23
n
2a

a

31
32
23
84

—
.276
.237
.287
.2s%
.327

.234

.m

.421

.4s2

.4E3

.474

.476

.479

.486

.@

.4@3

.511

.td3

.516

.516

.s37

:%
,716
.743

.756

.763

.7?3

.7W

.nl

.nf

.773

.m

.m

L 194
L 201
L 197
L2M
LZ9

L 147
L 134

;%
LIM4

L lIN
L 115
LES
L lm
L~

L@32
L 107
LC@3

i%

L678
L672
LCW
.623
.’512

.4cm

:%
.m
.846

.429

.Zm

.234

.273

—

0.10
.B1
.a)
.@l
.Ea

.66

i!l i
L 10
L 10

240
220
7.70
LOI
LS6

2!M
2Ea
L76

i%

L40
LW
210
.....
.—-.

----
-—--
-—..
—-.
—--

-—--
----
—--
-—-

; E&lo+

2;
L68

L.52
L63
L05
L28
L24

248
228
7.m
L64
L 49

222
L 17
.@
.76
.W

l..

L33
-----—-—
----------

---——— -
--------- -
-.—-----.
--—-—-
--—-----.
-.. —-----
--.---—-.
——-—--.
——.——-

425
LW
&12
L8S
3.s2

2m
am
3.s3
3.36
4.12

xfa
2@
240
2fnI
2m

4.m

:%
203
2m

:?
2cm

w’

..-—.
hm

.-..—
3.40
7.m

.s.m
.——
&so

.— --

Tmn atall dtltnde ofw,ctmft
, , I 4

I
.!?30
.273
.249
.237
..iw

.327

.324

.357

.3s7

.Wa

.40s

.4U3

.416

.414

.w

.399

.433

.443

.403

.4e6

.4!2s

.433

.E&

.1331

.703

.m

.724

.Kr3

.W7

.70s

.FJ6

.W

.7C4

.716
—

L 177
0
.s%4
.ml
.ml

.76s

.791

.723

.s33

.8M

.524

.846

i%
.932

.648

.7s3

i%
.m

.Ws

.W1

.049

.7M

.007

.739

.m

.07f

.7!M

.Ew

.677

.74U

.TM

.633

IJR
:{

-—--.—
1

?
m
m
m

h,QL
---.-.—
--.-—--
m,%L
h,RL

m
h
h
m
h

h,R,L
m,%L
m,~L

--------

-------
m
;

m

1

~;R

3s awl L Im am 0.10 0.23X6-J L601a 849 11977 R
I

PoJ1-up3atanaltitadoof16@l ft
,, , ,, 1 !

m alm L241 10,103 0
37

;. 0.174
.226 L2J17 lqm .40 : Wo+ L78

88 .207 L482 %993 LKJ :% 240 L84
.!a31 L= m,Km Lm .!M2

; .!M7 L433 89E0 2m 4.53 Lm .241

.Zn LE33 IQml 4-m 9.m L56 .247
2 :% LZ29 1%m L% .2W
43 Lm 1$a i~ ix
44

222 .!ZO
.342 L8W lQml 7.m a44 L13 .m

6.W9 ;1
.fw
.Oal
.882 ;
.Sal

.46s h

.ml

.7KI _.;-–

.2%4

● Imtte.mUA h thinmIam.uLhmMy:&lp Ldgnfflcmcw
vl very lfghtbnffetfmg
1 If@ bmletbe R rf@tmI1-off
m nmiemtebnfkdhw N noroll
h havy bnffotbu

AND LOADS OF MODIFIED AIRPLANE

(b) L& and Right Wing Loads
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TABLE IV.—BUFFETING CONDITIONS AND LOADS OF
MODIFIED AIRPLA~oncluded

(u) Left and Right Tail Loads

Ion

~ M I Ti4A4=lTd%=lb/& ft CN

POU-OW at an altitnde of WJ,OWft

1 mo 0.231
239 .276

3 310 .27s
4 ?-52.247
6 3a5 .m’a

6 308 .32-5
7 4ml .342
8 416 .297
9 4m .4U
10 466 .4CM

11 w .443
12 672 .462
13 7111.4F3
14 513 .4711
16 043 .472

16 672 .440
17 M6 .484
18 E&u .Ea5
1!3 363 .4n
‘m 40s .476

21 ?&3 .E36
n 640 .4@
23 15M .618
24 m .714
25 232 .724

m 306 .n3
n 192 .740
23 m

30 105 .703

w 467 .74a
32 345 .764
S3 415 .7M
34 41?a.772

xl
33
34
30
42

4e
62

E
a

88
92
93
M
76

Ii!
116
00
W!

112
1C6
107
me
m

%0
272
234

$%
253
276

z

L ‘m . . . . . .
L m ......
LO12..--..
.Ez!a------
1.076.-..-.

LWT ......
1.OM......
1.062....-.
l.an......
1.036------

1.am ------
1.am ......
L 0L2......
1.047------
L 107......

.Wa ------
L 011--....
L lIM......
1.023......
.Em .-.-..

L@33------
.Wo ..--..
.974......
.662a 011
.tw .Cm

:%
5

:%
.s2 o
.m .1’33
.461 .079

.040 IE3

.Km :147

.fw .135

.47a .102

L67

1:2

:%

L8J
237
1.36
2m
2m

I:mJ!

..s3

i%

223
4.60
&40
4.12

‘m 0.23 33
375 .276 a

33

460 .318 E

46
E :% 6s
466 .3W
406 .410 R
616 .4X 74

770 .4m 79
w .419 75
m .4Z3
W .402 2
706 .418 74

w .440
770 .4s #
W .470
ml .4n Ea
em .481 B

212 E24 116
47U :6U 110
617 .6m lC@
109 .774 m
M-5 .n7 241

m m !2m
276 :740 272
m .m m4
y .741 ml
z’ .703 !2m

6!M .740 252
476 .770 ma
473 .7M m
374 .703 m

[.214.--... !zm
L402------
Lm ------ iti
LlW ------
LOW -----. i$

m ------ L86
:l@3----.-
..OEJ..---- l:E
.am ------ 230
.m ------ 216

..om------ L lx!
.040------ L94

i$096
::Im :::::: 213

.W3 ------ Lk3
-010------ 1.37
..010------ L61

1.60
w ------ L m

.Ola..----

.ml 0.010

.I?a3o iz

w
:fw :% 1%
.410 .027 202
.010 .116 26s
.461 .OTJ 3.10

.mo .167 237

.476 .146 !a13

.ml .Ra 3.40
.169 46-7

‘ram atm 8MIrdo of30,m ft

36 173am 69 1.O!?J...... 0.K1 o. 69 LU33.----- O.fo

Poll-upsataaalt!tadeofIO,IXKIft

34 2660.l&5 27 1.m ...... 264 HO ala
37 424 .193 2a

27 L m ------ 277
1.218------ 1.65 .194 37

-m w .200 41 1.410------ .02
..SE3------ Lm

em .199
3E 640 .247 61

40 l= ..----
I.ml------ .74 40 .263 65 L ~0 ------ ::

40 6m .m7 07 L 1s3..--.. .61 64!3.269 6s L 147------ .58

41 695 .2533 70 1.SKI.-..-- .aa n6 .m
42 49s .209 ae L 100..---- .64

69 l.m ..---- .Szl
4aCl.311

43 m .324 loi L 1C3...... .62 696 .3m
05 1.lea----- .82

44 915 .334 113
101 L l@3..---- .@

.910....-. .G4 n6 .s33 113 L@ ..---- .4s

The flight conditions for the onset and end of bufletimz
given in ;ables III (a) and IV (a) are sUmmarized in plots 0>
airplane normal-force coefficient against Mach number in
figurca4 and 5, respectively. In figure 4 (a) a buffet boundary
for the onset of buffeting is also shown and two labels “Stall
regime” and ~’Shock regime” are included. These ]ab&
denote speed regimes in which the fight charaokxistica of
the airplane differ and, thus, speed regimes in which the
buflet boundary was obtained in ditlerent ways. For Mach
numbers below about 0.65, btieting was usually encountered
in an accelerated stall maneuver; a mtiiun vsllue of air-
plane normal-force coefficient was reached; and controlled
flight at still higher load faders was not then possible. In
this stall regime the value of ON, for the onset of butleting
varied with Mach number and also was generally higher in
pull-ups than in turns. The increase can be associated with
the abruptness of the stall entry, as measured by the largest
value of &5/Vreached prior to the onset of buffeting. The
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Fmmm 4.-Onset and end of buffeting for varioua maneuvers of basio
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buflet boundary shown for the stall regime in figure 4 (a) was
obtained from faked cross plots of CN~,M, and &/V, greatest

weight being given to the data for 30,000 feet, and corre-
sponds at each Mach number to the value of f&~ for &Z/V=O.
The difference between this boundary and the actual CN~at
the onset of buifeting is plotted as a function of @V in
figure 6 for the data horn altitudes of 30,000, 20,000, and
10,000 feet. The increment in normal-force coefficient is
analogous to the increment in the dynamic value of the maxi-
mum lift coefficient as compared with the static value, but,
because of the approximate nature of the relation between
accelerometer reading and rate of change of angle of attack,
a more detailed study which might include the effects of
Reynolds number has not been attempted. I?or this reason
also, no attempt has been made tc specify a variation of
btiet boundary with altitude, although the possibility of
such a variation is suggested by a comparison of the plots
for 30,000 feet and 10,000 feet in figure 6.

For Mach numbers above about 0.65, buffeting was en-
countered during diving turns or in pul.kuts from diva.
The onset of btieting occurred at values of CNwell below
mtium lift, but controlled flight at normal-force coef6-
cienta well above the value for the onset of btieting was
feasible. The buffet boundary shown in figure 4 (a) above
M=O.64 was obtained by fairing through the observed
values of CNB,greatest weight being given to the data for
30,000 feet.
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Fmmm 6.—Effect of abmptness of stall entry on CN at onset of
buffeting.

The bu.ilet boundary of figure 4 (a), based on data for the
onset of bufleting, appears ta define a transition tiom steady
to unsteady phenomena. This boundary, which has been
placed in figure 4 (b) for comparison, does not appem to
defie the transition horn unsteady back to steady condi-
tions. The data for the end of btieting represent, however,
the flight conditions on final subsidence of oscillations in
the structure. In the shock regime, when buffeting pemisted
to values of ONbelow the bntlet boundary and the return to
level flight from the maximum load factor was rapid, the
persistent fluctuations appeared to difler in character from
the rest of the record and to resemble the subsidence of a
damped oscillation from which the excitation has been re-
moved. When the approach to the boundary was at a slow
rate (generally accomplished by a loss of speed at nearly
constant load factor), the end of bufleting occurred as the
boundary was crossed. The btiet boundary above &f=O.65
as defined by the onset of btieting may, therefore, represent
a distinct boundary below which a buffeting excitation is not
prc9ent.

In the std regime, values of CNBin ahnost all instances
are below the buflet boundary. Although the persis~ce of
structural oscillations may be a factor in this case also, the
character of the fluctuations indicates that bufleting, once
encountered, is maintained to values of CNreached in the
stall recovmy which are well below the btiet boundary.

The builet boundary for the basic airplane, figure 4 (a),
has been plotted in figure 5 (a) for comparison with the data
for the modified airplane. The boundary for the basic air-
plane appears to represent the modMed airplane reasonably
well. The two points for chr~at the lowest Mach numbers
are for maneuvers at 10,000 feet and may represent a Reyn-
olds number effect, but enough data to establish a consistent
trend are not available.

WING AND TAIL BUFFEITNG LOADS

The wing buflet loads associated with the runs of table
~ (a) and IV (a) are given in tables III (b) and IV (b); the
tail buffet loads are given in tablw Ill (c) and IV (c). There
is also listed a quantity ACIN,the penetration beyond the
buffet boundary in te-ms of mean airplane normal-force
coefficient, used in the analysis of some of these data.
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The wing and tail bufTe&loadvalues for the basic airplano
given in tables III (b) and III (c) areshown in surnmruyform
in figures 7 and 8; the data for the modiiied airplane are
shown in figures 9 and 10. In these I&ma the variation of
the loads on the left and right surfaces with Mach numbw is
shown for each of the nominal test altitudes Turns are
distinguished from pull-ups.
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Fmum 8.—Continued.
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In the absence of nny accepted theory relating the magni-
tude of the loads in buffeting to the flight conditions and the
characteristics of the structure, the analysis of the load data
of tables III and IV hrisnec=arily been of a somewhat quali-
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tative nature, involving both general regression studies and
the fitting of regr-ion equations to the data by moans of
lemt-squares methods. The results of this study are in-
corporated in the following section.

ANALYSISAND DISCUSSIONOF BUFFETING-LOADDATA

When the bu.fleting-load data of tables III ond IV am
plotted sgainst Mach number for dii7erent altitudes, the
large amount of scatter in, for example, figures 7 and 8 makes
it difhcult to sssess the effects of both speed and altitude
snd suggests that other factors may be signiticcmt. As
shown by the difference between the data for turns and pull-
ups in figure 7 (a), one such factor is the abruptness with
which the stall is entered. A number of studies have boon
undertaken in attampts to identify other significant param-
eters. In these studies use hns been made of tho usunl
methods of regrwsion amdysis, inchding correlation studies,
graphical studies, and the fitting of regression equations by
least-squares methods. The form of these equations was
inferred from the graphical studies or in some instances
could be bssed on analytical redts. In these studios the
loads measured in stalls were found to follow a somewhat
difleront pattern from those messured in the shock regime.
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As a preliminary to analysis of the load data, a consider-
able simplification was effected on the basis of plots of left
wing load against right wing load and left tail load against
right tail load shown in figures 11 and 12, respectively. The
coefficient of correlation shown in these plots, of the order
of r=o.9, can be regarded as a measure of common causes
and suggests that the factors which produce loads of a given

size are, in general, common to the left and right wing panels
or left and right tail surfaces. On this basis, the mean value
A& of the two wing-panel loads measured in a P was
taken as representative of the wing loads encountered during
that run; that is, the mean wing load

A&=o.5(A&+A&)

and a similar mean tail load

AL.=0.5 (ALm+AL,.)

were used to repre+mntthe loads in each run.

A scatter diagram of & against AL, is shown in figure 13.
The value of the coefficient of correlation, 0.7, suggests L
larger degree of independence between wing and tail loads
than is the case for the left and right wing or tail arface.
On this account, analysis of the wing and tail loads was
carried out independently.
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Ilmmm 13.—Correlation between wing and tail buffeting loads for
basic airplane.

RJ3G~ON ANALYSIS

When dealing with quantities of data, the interrelation of
more than two parameters cannot ordinarily be shown in a
simple plot, but the effect of a given independent variable
can be investigated if the data are grouped by clam= of this
variable and the average values of the dependent variable
(in the present case the load ti) are compmtedfor each class.
Provided that each class constitutes a simih sample, the
effect of other independent variables on the load may thus
be suppressed, or averaged out, and the variation with the
independent variable of interest established. The grouping
and averaging may then be repeated for other variablw.
Such an analysis is, of coursq somewhat qualitative, and it
may be diflicult to show the effect of a secondary variable
in the prwence of a large prim-my effect.

In the study of loads measured on the basic airplane, the
variables investigated for runs in.d.ich the stall was reached
include dynamic pressure “g‘hnd the length of time spent in
buffeting & Also inve+igated was the effect of the abrupt-
ness of the s@l entry. l?or this investigation the value of
&F/Vwas ded .ss a measure of the abruptmxs of the entry
‘m both turns ‘@i~ pull-ups. I?or buffeting encountered in

..-
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the shock regime, the variables investigated include the
dynamic pressure and the increment in normal-force co-
efficient beyond the buffet boundazy at which the load A.L
was measured. The trends, shown by this study for both
the stall regime and the shock regime, are presented in the
four parts of figure 14.

16xl& Shock 32x192

n

I

$~~lley :gime n

1

ShtIc4i reghne 0
— —

-~
0

0 >

~ .*”O
.$

00

(a) ,

$E1’’iiii
IIIItI I I 1

—o aiw .01 0 At, sec 5

(a) Variation with dynamio pm+ (b) Variation with penehation.
Sure.

(o) Variation with abruptness of (d) Variation with time in buffe~
M entry. ing.

Fmmm 14.—Trends in wing buffeting Ioade aa shown by method of
averages.

Load trends in stall regime.+tall btietiug in the present
study occurs at Mach numbers below a value estimated as
0.65+0.01. All runs in table 111 (a), therefore, for which
MB<O.64 and for which values of &Z/Vand M could be
established were included in the stall analysis. For each of
the 91 runs thus available, the wing-load value A& and the
taiI-load vahe ti~ were used, together with the mean of
the dynamic-pressure values, tables ~ (b) and ~ (c).

The average variation of wing load with q is shown in
iigu.re14 (a). For this plot, the values of &LWwere grouped
into eight chmses, according to the value of g; tie P1ot~
variable (A&). is the average of the loads A& in each class.
For the stall regime, the dynamic pressure inore+wa by
roughly a factor of 4 (i. e., 42 to 180lb/sq ft) while the average
load increasesby a factor of only 2 (i. e., 500 to 1,000 pounds),
an increase which is roughly proportional to the square root
of q. The dynamic pressure is thus revealed as a major
parameter in stalls, but the relation to load appears to be
A&al@ rather than A&ag. This proportionality is used
to exmnine the variation of wing loads in stalls-iviihmaneuver
abruptness and with time spent in buffeting in figures 14 (c)
and 14 (d), respectively, where ploti of (GM% %*t
&F/Vand A$ are shown. An alleviating effeot on load asso-
ciated with a gradual stall entry is indicated srnce,at &Z/VSO,
the loads (expressed as ALw/+@ are as much a-s 40 pame.nt
less than the loads mesaured in more abrupt maneuvers
where &F/V=S0.008 radkm per chord. The alleviation is indi-
cated in figure 14 (c) to be somewhat exponential in character.
With regard to time spent in buffeting, @e 14 (d) suggests
that on the average the maximum load encountered during
buffeting increases with the total duration of time At spent
in bufleting. From periods of 1= tian 1 second to periods

of 4 ta 6 seconds, the increase is of the order of 90 peroent
but does not appear to be hnear.

The trends shown qualitatively in figures 14 (a), 14 (o),
and 14 (d) suggest a number of equations which oan be
written relating wing load ta various combinations of the
variables representing speed, altitude, time, maneuver
abruptness, and structural frequencies. The following equa-
tions were among these rnveskigated for the wing loads in
stalls:

&=& (1)

&=w (2)

G=% @ (3)

&=a,~q log,(f~ @ (4)

G7=(fk+b6e-&’/0.w7 W (6)

G7=(G+b8e&’’a~Wg hdjw @ (6)

The values of the arbitrary constants in equations (1) to (6)
can be obtained by fitting the equations to the experimental
data. h advantage of the least-squares method of fitting
lies in tie ready availability of prectilon mmsu.res for tho
constants and of the standard error of estimate of the equa-
tion. @’or convenient reference, definitions of terms and a
summary of kws&squares procedures as used in the present
investigation are included m appendix A.) -The rwndta of
the least-squares analysis of the wing loads in stalls are given
in table V which shows the equations, the sums of the squares
of the residuals, and tbe standard errors of estimate of tho
equations, together with the numerical valuea of the con-
stanti and their standard errors of estimate.

Equation (1) is of chief interest for comparison purposes.
The mdue %=749 pounds in table V is the mean of the 91
values of A& being analyzed. The standard error of esti-
mate, 255 pounds, is in a sense a measure of the error involved

TABLEV.-SUMMARY OF WINGLOAD ANALYSISIN STALL
REGIME
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in the simple assumption that the data on the wing btieting
loads in stalls can be represented by this mean value.

Equations (2) and (3) represent the combined effect of
speed and altitude. Equation (2) is analogous to the dimen-

sionless coefficient O& which parallels the usual coeili-
qs

cimts for steady aerodymunic forces and which has been
muoh used in butleting studies. Equation (3), which was
proposed in reference 5 and which also follows from the
analysis in appendix B, represents the combined effect of an
aerodymunic excitation and an aerodynamic damping. The
standard errors of estimate for these equations, 293 pounds
and 226 pounds, qppear to indicate that g is not as good an
indicator of the size of the load as is the mean value, wherew
~ is better than the mean. A dependency of load on the
square root of the dynamic pressure is also in line with the
indications of figure 14 (a) for stalls. Superiority of the
square root of the dynamic pressure (as a measure of btie~
iug) as compared with the first power indicates that in stalls
at a given altitude the loads would be directly proportional
to the Mach number or the true airspeed, whereas at a
given Mach number (or airspeed) the loads would vary
directly as the square root of the atmospheric pressure (or
density). The linear trend with Mach number revealed by
the least-squares analysis is recognizable in the data of figure
7 for stalls when, as for example in figure 7 (a), enough runs
are available to give a representative distribution of the time
spent in btieting and the abruptness of the stall entry.
The trend with pressure at a given Mach number is less
evident, but, for a pressure change from 628 lb/sq ft at
30,000 feet to 1,455 lb/sq ft at 10,000 feet, the corresponding
load increase iE clearly less than the ratio of the preasuw
(2.32) and more nearly the square root of the pressure ratio
(1,62).

With regard ta equation (4) in table V, it would ordinarily
be expected that, for a process in which random factors play
n part, the probabili~ of occurrence of a given value is higher
for a large sample than for a small one. The indication in
figure 14 (d) that larger loads are enumntmed in stalls of
longer duration is qualitative conii.rmationof this expectation.
Jlor a stationary random process, as outlined in appendix B,
analytical results are available for determining the probability
that a given peak value will occur once in a time M. These
results lead to equation (4), and the standard error of esti-
mate, 206 pounds, represents an improvement over equation
(3). In detemnining the value of Q, the value of the &-
quency of wing fundamenttd bending (11.7 eps, table II)
was used for f.. This frequency is the one most often
observed in the wing-shear strain-gage records.

The roughly exponential trend of the vmiation of
(&+@~@ with &Z/Vindicatid in figure 14 (c) suggested the
form ZJe-&zlrx~’ as a mewu.re of the effect of maneuver
abruptneas on the loads in stalls. This form is purely
empirical and wcs adopted simply to account in an approxi-
mate way for the observed trend m the data. Although a
value of the exponential constant could have been determined
by nonlinear regression methods, reference 6, the iterations
required make the detmuination much more laborious than
the evaluation of the constmts of the linear variations.

Preliminary investigations having indicated a value of
approximately 0.004 for the constant, this value was used in
equations (5) and (6). In comparing equation (5) with
equation (3) or equation (6) with equation (4), the relative
magnitudes of the standard errors of estimate indicate a
signi.ficmt improvement resulting from inclusion of a meas-
ure of the maneuver abruptness. The relative values of
% and & (hat is, 65.6 and —31.6) indicate that a load
alleviation of about 50 percent could bdobtained by a gradual
stall &ry. Although the physical basis for this alleviation
is not understood, it maybe associated with a 1ssscompletely
developed stall in the slower maneuvers resulting ilom a less
abrupt flow breakdown. A brief study of the correlation
bet-wean the duration and abruptness of the maneuvers
included in the analysis indicates that the larger loads in
abrupt maneuvers were not explainable on the basis of stalls
of longer duration, but the magnitude of&e effect of abrup~
ness indicates that this factor warrants further examination
and should not be ignored in other studies of wing btieting
loads in stalls.

The following equations were examined and included in
the analysis of the tail load5 in stalls: ‘

&5-r=A, (’7)

G=&q (8)

AL.=AaJj (9)

Uzr=A,o~g log, (.L ~) (lo)

U~=(All+Blle -;’’’m?& (11)

AL= (AB+Bm@=’’WiQ log, (jm@ (12)

The redta of the leastmquares analysis shown in table W
are for the same 91 maneuvers used in the wing-loads study.
The form of equations (7) to (12) parallels the form of the
equations used in the wing-loads study. Because of the

TABLEVI.-SUMMARY OFTAIL-LOADANALYSISIN STALL
REGIME
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empirkal nature of the abruptn- alleviation exprcsed by
the term e-~ri””mr, the wing chord and the corwkmt 0.004
were retained in the tail-load calculations. The wing natura]
frequency was aIso retained in the cxqmssion log. (J=At).

Comparison of the stmdard errors of estimate of the equa-
tions of table W indicatea the pertinence of the square root
of the dynamic pressure, tie duration of the stall, and the
abruptness of the maneuver. The load alleviation obtain-
able by a gradual stall entry appeam to be even greater than
in the case of the wing loads.

Load trends in shock regime.-Btieting at the Mach
numbers of the shook regime was, for the present airplane,
encountered under tmmsient conditions in diving turns and
pull-ups. In some instances so much speed was lost during
a mmeuver that buffeting originally encountered at a Mach
number of 0.7 ended at Mach numbers of 0.62 or 0.63 with a
typical stall recovexy. In order to assure a homogeneous
class of data, the 26 runs selected as representative of the
shock regim~were those in which the maximum buffeting load
was encountered at Mach numbem above 0.68, as shown by
the Mach numbem of tablea III (b) and IIt (c). A plot of
values of (Ai5w)magainst q for these maneuvers, figure 14 (a),
appears to indicate a diilerent trend with dynamic pressure in
the shock regime than in the stall regime. One reason for the
apparent trend with g is found in an examination of the varia-
tion of load with penetration beyond the btiet boundary.
At a given Mach number, increasing penetration beyond the
buffet boundary redts in increased amplitude of load fluc-
tuation, but the rate of increase of load with penetration
varies with Mach number. “These trends for the wing loads
in the shock regime are illustrated in figure 15.
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FIciunE 15.—RJ4ationship between buffeting load, CN, and Mach
number.

Figure 15(a) shows the wing-load values A& plotted on a
diagram of the variation of 0. with Mach number. In
each symbol is a numeral, indicating the value of A.& in
hundreds of pOUlldS. AIso shown is the bu.flet boundary
for the shock regime from figure 4. In general, smaller
loads occur near the buflet boundary and larger loads, at
values of (?Nfarther removed Ihm the boundary. Fiie

.-d

16(b) is a plot of load ~ainst the diilerence AaN= ON— ON,n

for Mach numbers of approximately 0.7 and 0.76. The
linear dependence of load on ACINis qvident, but the slope
dA&/dACN decreasea as M increaws

Shown also in figure 15(a) is a line marked C~_. This
curve of maximum normal-force coefficient was estimcbtecl
Ilom a study of recent wind-tunnel data on CNP since
speciiic data for the North kerican l?-51D are not avail-
able. If the penetration beyond the buffet boundmy at
each Mach number is expressed as a ratio denoted by P
where

~= CN– CN,,
CN_– ON,,

(13)

the Mach number dependence of the slopes in figure
15(%) is accounted for. A plot of (&&). against P is
shown in &are 14(b). The variation of (A&)a with P
appears to be linear for the range of flight-test data available;
the strong dependence on I’ effectively masks nny cle-
pendence on q in figure 14(a).

The equations investigated for wing loads in the shock
regime were

G=a’14

G=wl

~=aldi

&&=a17P

G=a’laq

G=a&&

The results of the le@.-squ8re9 analysis
VII.

.

(14)

(15)

(16)

(17)

(18)

(19)

are given in tablo

TABLE VTL-SUMMARY OF WING-LOAD ANALYSIS IN
SHOCK REGIME
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l?or the tail loads in the shock regime, the equations
invcatigated were similar to those for the wing loads, that is,

G=A,, (20)

A.&=Aa~q (21)

&=J&z& (22)

A.&=As@ (23)

G=AJ+I , (24)

&=Ad& (25]

The results of the least-squares treatment are shown in table
m.

TABLE VIII.-SUbIMARY OF TAILLOAD ANALYSIS IN
SHOCK REGIME

:qtra-
tion

- <t

sum0[ Skmdm
mrn- Equotion sqoorw of error of

W
residt# wbte

cm) G=-% 218x164 236

(21) Ah-Anq SW w

(22) G-An& m 366

m A.%--4I3P 67 167

CM) ALrA.YIPq n Ii-a

m ALr=AnPJq 73 174

Chsbmts

Am- fuw59

An-1.6&0.24

A.2rds.2+3.a

ArF1254M6

Ar1=4.6%t0.m

Anu76.Z+4.6

l?or both wing loads and tail loads in the shock regime,
the values of the standard errors of estimate show that
neither g nor Z is as good a measure of the load as the
average value, although ~ is somewhat better than q.
Inclusion of the penetration in the analysis through the
parameter 1’ (eqs. (17), (18), (19), (23), (%), ~d (25))
results in valuea of the standard error of estimate which are
clearly very much lower than the values for the mwms
(eqs. (14) and (20)). Between equationa involving P,
~q, and P~~ the indications are not so clear. For wings,
equation (19), A&=u@fi has the smalleat standard
error of estimate, whereas for tail loads equation (23),
A&=A@ has the smallest standard error of estimate.
The lack of a clear indication of the effect of q in the shock
regime may be in part the result of the relatively small
number of poimk and the limited range of altitudes that
are available at a given Mach number. Another contribut-
ing factor may lie tithe random character of the bu.fleting
process as discussed in appendix B. The strong dependence
of resultant loads on penetration, coupled with the transient
character of the maneuvers at speeds above the maximum
speed in level flight, would require a more detailed analysis

including perhaps not only the extent of penetration but
also the lengd of time spent at or near any given value of
penetration. Since the standard errors of estimate for
equations (23), (24), and (25) are so nearly the same, it
will be assumed that the variable Pfi is also applicabl~ to
the tail loads in the shock regime.

LOAD EQUATIONS OF BEST FIT

W~ loads,—The summaxy of the regression analysis of
the wing loads measured in the present teats, tables V and
VIJ., indicates that the best fit is obtained with equationa
(6) and (19). These equations may be written in terms of
the values of the regression ccefEcient9 as, for the stall
regime,

.

A.&= [65.6+3.8 -(31 .6+5.4) e-&c’aw~{qlog@.7 At) (26)

and, for the shock regime,

A&=(153.5 &6.4)p+j (27)

In Iigure 16 a comparison is made of the variations of wing
load given by equations (26) and (27) with the effects of ~
maneuver abruptmae, stall duration, and penetration shown
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FIGURE 16.—Compa&on of results of
trends shown by method of averages.
figure 14. (

Ielwt-squara analysis with
Ciroles represent data from

in figure 14. The data points of figure 16 are reproduced
from figure 14. Shown in each part of the figure are the
mean values of the “suppressed” independent variables.
For the stall regime, these values (&Z/V) =0.00193 radian
per chord and ~= 1.78 seconds have been substituted into
equation (26) in order to show in turn the variation of
(G)- tih q, figure 16 (a), the variation of (&&/@.
with &Z/V,figure 16 (c), and the variation of (A.&/~.,
with At, iigure 16 (d). In the sh-6ck regime, the average
value of g h= been substituted into-equation (27) to show
the trend of (A&)m with penetratioti P. (See fig. 16 (b).)
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Since the trend of load with gin the shock regime has been
obscured by the large range of values of penetration ~, no
comparison is shown in iigure 16 (a). The agreement
betwean the points representing average trends and the
dependency on ~ and At in equation (26) is substantial
and suggests the validity, at least for the present airplane, of
the ph~ical concepts represented in the form ~g log. (~=M).
The exponential character of the alleviation in load obtain-
able by a gradual stsdlentry, even though empirical, appears
also to represent the trend in the experimental data. Since
the effects of duration and abruptness can both be of the
order of +25 percent of the load for an average condition,
the advisability of examining the buffeting of other airplanes
on the same basis is indicated.

The expression of the penetration beyond the buffe;
boundary by means of the ratio (CM–CN,B)I(CN-–C’NJ
as in equation (13) is purely empirical but, over the range
of fiighktest data available, appears to give a reasonably
good fit to the data (fig. 16 (b)). The linear dependency of
load on ~ assumed in the regression analysis is also em-
pirical, and verification for large penetrations at Mach
numbers above 0.70 is not feasible with the present airplane
because of operational limits. In particular, it is not lmown
whether the loads for a stall at transonic speeds would be
given correctly or whether, as at lower speeds, the abruptness
of stall approach would be important; investigation with an
airplane with wider operational Iimita is de&able.

A comparison of the loads calculated by use of equations
(26) and (27) with the measured loads on whioh the numerical
values of the regression coefEcients are based is shown in
figure 17. In each part of figure 17, the line of exact agree-
ment is the solid line with unit slope. The horizontal or
vertical distfmce from any point to this line is the difference
between the measured and the calculated load. Parallel to

each line of exact agreement are two d~ed lines, displaced
by the amount of the standard error of estimate. In
general, 68 percent of the “measured values will vary from
the calculated values by less than the amount of the standard
m-or of estimate. The wing loads calculated from equations
(26) and (27), when compared with the measured values
(figs. 17 (a) and 17 (b)), show generally good agreament.
The measured wing loads are estimated to be in error by less
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(a) Wing loads, stalls (eq. (26)). (b) Wing 10a@ shook (eq. (27)).

lhc+um 17.—Comparison of mcmmred and calculated buffeting loads
of baaiu airplane.
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(o) Tail loads, stalle (eq. (28)). (d) Tafl loade, shook (eq. (20)).

Fmmm 17.—Concluded.

than ~ 130 pounds, as compared with a standard error of
estimate for equation (26) of 178 pounds and for equation
(27) of 228 pOUIldS. The fact that in the stall regime these
two precision measures have roughly the same order of mag-
nitude suggests that, with the present data, regression
analysis can probably accomplish little more; in the shock
regime, the larger standard error of estimate for equation
(27) as compared with the error limits of the experimental
data may be a further indication of the need for a more
detailed study than has been possible with the present data.

Tail loads.—The summary of the regreagion analysis of

tail loads measured in the present teats indicates that the
best fit of the stall data (table VI) is obtained with the
equation

&=[44.1+2.9-(29 .2+4.1 )e-&’’0WT4q log,(ll.7 At) (28)

whereas the equation which is taken as representing the
shock-regime data (table VIU) is

&=(75 .2&4.6)Pfi (29)

Loads calculated from these equations are compared in
@ures 17 (c) and 17 (d) with the mmsured loads from which
the regression coeiihients were obtained. Since equations
of the same form as the wing-load equations give such a
good fit, the possibility is indicated that the wing is a primary
agency in detsrmining tail loads. Since the response of the
tail is primarily at a frequency correapondng to that of the
fuselage in torsion, the wing may excite the tail through the
fuselage. On the other hand, the standard errors of esti-
mate for equation (28), 136 pounds, and for equation (29),
174 pounds, me somewhat larger than the estimated experi-
mental error (&80 pounds) and this difference, coupled with
the correlation coeilicient of 0.7 between tail and wing loads,
indicate9 that one or more additional parametam may exist
which are important in determining tail loads but which are
not disclosed by the present investigation. The propeller
slipstream may provide one such agency and the wing wake
another, but, since instrumentation suitable for the evalua-
tion of such effects was not incorporated, the relative con-
tributions of the fuselage, the wing wake, and the propeller
slipstream cannot be established.
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EXTENSION OF ElR3ULTS

(Comparison of loads measured on basic and modified
airplane,-The large amount of scatter in plots of btieting
load against Mach number in figures 7, 8, 9, and 10 makea
diflicult any simple determination of the effeot of the added
wing-tip weights on the magnitude of the buileting loads.
(Comparison of figures 7(@ and 9(a), for example, is incon-
clusive. The equations obtained in the analysis of the
btieting loads on the basic airplane have, therefore, been
employed to extend the results obtained on the basic airplane
to the analysis of the data for the modified airplane. l?or
the stall regime, equations (26) and (28) have been used,
modified only to the extent required to allow for the slightly
reduced probability of encountering a given load in a given
time since the wing frequency h= been reduced. The equa-
tions are

A&= (65.6–31.6e-&7’O”W~~g log’ (9.3 At) (30)

AL,= (44.1-29.2e-&’10.W~Jq log, (9.3 @ (31)

In the shock regime, equations (27) and (29) were used.
Values of &5/V and M horn table IT(a) were used with
average values of q and AONfrom tables IT(b) and IV(c) to
cahxdate valuea of ~ and A& These calculated values
are compared with the values measured in flight in figure 18,
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FI@m 18.—Concluded.

inwhich the did lima are lines of exact agreement. h a
measure of the effect of the reduced frequency on load, the

“ (ti)~ h= be~ detertied, by mmpufig
avawe ‘t10 (AL)ti.
the value of k in the equation

(AL) ~.w=k (AL)- (32)

The values of k for the wing and tail in the stall regime and
shock regime, together with their standard errors of estimate,
me

L,ti=o.90&o.03

kg,&..A=o.71&o.07

&.w=l.25+0.04

k~~a=l.lo+o.lo

The dashed straight lines represented by these values of k
are shown in figure 18.

For the wing in the stall regime, the value of k indioates
an average reduction of 10 + 3 percent over and above the
average reduction of about 4 percent that would be expected
because of the reduced probabili@- =ciated with the fre-
quency reduction. The estimate of a 29 & 7 percent load
reduotion in the shock regime is somewhat less reliable than
the 10-percent estimate since a smaller number of points
is involved, but an overall reduction of something like 15
peroent is indioated for the modiiied airplane.

Comparison of the tail loads measured on the modiiied
airplane with the loads calctiated horn the least-squares
equations * shown in @ures 18(c) and 18(d) indioatea that
the wing modification has inore~ed the tail loads about 15
percent. In buffeting, the motion of the tail is primarily in
an antisymmetrical mode at the natural frequency of the
tail assembly as restrained in torsion by the fuselage, 9.8
cps in table 111 Siuce the addition of the wing-tip weights
reduced the frequency of the wing in fundamental bending
from 11.7 to 9.3 cps, table II, wing buffeting of the modiiied
airplane occurs at a frequency only about 0.5 cps removed
horn the tail butleting frequency; whereas, with the basic
airplane, the difbrence is nearly 2 cps. The mnplitude
response of a simple system would be expectad to be larger
rNthe frequency of the excitation approaches resommoe, and
it ia possible that a coupling exists between wing and tail
vibration modes such that this simple explanation would
be sticient to account for the experimental results. II so,
the importance of the fuselage as a coupling agent in the
tail-load problem is indicated.

Measured loads compared with results for simplified wing
btieting model.—k appendix B, an equation is developed
whioh gives the form of the relation between pertinent
structural and aerodynamic pararnetem and the mean-
square value of the root-structural-shear fluctuations of
a stalled wing under the =umption that suoh buffetimg can
be treated as the response of a damped linear elastio systam
to an aerodynamic excitation w-hiohis a stationary random
process. The buifeting model considered is a aimplifledwing
with one degree of freedom (fundamental bendin~ and the
development parallels, in some respects, the study in refer-
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ence 2 of the loads on a tail m a fluctuating airstxeam. The
development is tentative, since the assumption that stall
bufleting is a normally distributed stationary random process
has yet to be veri6ed, but a comparison of the loads measured
in the present study with the tentative relation is of interest.

A primary aerodynamic factor determining the magnitude
of the btieting loads is the power speotrum of the aero-
dynamic excitation, denoted by the spechwm of the coeffi-
cient of section-normal-force fluctuations c.’(a) in appendh
B. Provided that this spectrum possesses certain general
dimensional and frequency characteristics (especially a
fairly constant level over a band of low fiequencim), the
details of the shape of the specirum are of minor concern,
but the mean-square value of the excitation n is of great
importance. In appendix B, the scale factor in the power
speotrum of the excitation is assumed to be the chord, the
damping is wumed to be positive and aerodynamic, and
the resultant equation for the root-mom-square shear at
the root of a wing panel due to buffeting (eq. (B27)) is

In this equation the operating conditions of speed and alti-
tude are included in the term W; the geometry of the wing
and its sfietw are included in the term in parentheses;
whereas the excitation and the aerod~amic damping are
reprcaented by the term ~/(O~=),fr Little information k
available about any spectrum of section normal force, or
about the term (C~=)efrwhich is an effective slope of the
lift curve applicable to the aerodynamic damping of small
bending oscillations of a stalled wing. Unpublished tests
in the Langley 2- by 4-foot flutter research tunnel on a
stalled, rigid NACA 65AO1O airfoil have given valuea of
~~= 0.07 over a range of angles of attack beyond the stall.
Thbration tests of a similar stalled wing have indicated that
over a wide range of reduced frequencies and angles of attaok
the aerodynamic damping is of the same ordar of magnitude
as that indicated by the two-dimensional
curve-that is, (cLa)vr= 2T. Using tbeae
guide to order of magnitude gives a value

slope of the lift
hvo rewht.s as a

(34)

For the present airplane the wing stiilne-ssin a funda-
mental bending at 11.7 cps is approximately 19,000 pounds
per foot. This value for k, together with the dimensions
given in table, I and the estimate of equation (34), gives
the following relation for the rookmean~quare btietig
shear at the root of each wing panel:

(35)

and for the maximum buifeting shear likely to be encmmtered
in a t’hne At (eq. @33)):

G.
~g log, (11.7At)’62 (36)

The least-squares relationship for the wing loads of the
present tests with the basic airplane, equation (26), gives
as a limit for very abrupt stalls

whereas for very gradual stalls the limit is

(37)

(38)

and for the data as a whole, equation (4) and table V, an
average is

(39)

The agreaumnt between the ccnstant value 62 of equation
(36) and the values 65.6, 34, and 44.4 obtained by least
squares (eqs. (37), (38), and (39)) may be fortuitous, in view
of the limited Imowledge available about bu.ileting as a
stationary random process, the number and character of
the assumptions in appendix B, and the limited applicable
experimental data on the aerodynamic characteristics of
stalled wings. The agreement shown doea suggest, however,
that further inv~tigation is warranted of both the aero-
dynamic parameter and their relationship to the buffeting
of other Sirplanw.

Btieting ooefEcients.-The results of the present tests
indicate that the usual buffeting coefficient of the form
AL/@’ would, for both wing md tail loads, be overly con-
servative if coefficients based on loads measurements at
high altitudes were used for the estimation of loads at low
altitudes. The tests also indicate that, for a given airplane,
a simple comparison of loads on the basis of valuea of the
dimensional forms AL/& or A.L/ig log, (f. &l would give
more consistent results. To the extent that the simplified
analysis of appendix B represents the btieting of D
straight-~ airplane in stalls, a coefficient of the form

14’AL
kZS(l–e-A@) log, (.f~@

42 would be required to in-

clude both the geometry and the elastic properties of the
wing, as well as the operating conditions of speed and rdti-
tude. Such a coefficient for the present abrupt-stall data
would have a value of approximately 0.03. Whether such
a coefEciaut established for one type of airplane would give
useful information about another type differing, say, in wing
thickness ratio or airfoil section would depend on the aero-
dynamic characteristic of the wing in stalls, as represented
in the term ~/( C&. Ii the absence of more experi-
mental data on a spectrum of aerodynamic excitation for
buileting and on the tiects of Mach number and angle of
kttack on both the spectrum and the aerod~amic damping,
>conclusion about a final form of a wing bufleting coefficient
~annot be reached. EIowever, should the results for the
ywsent unswepkving airplane be conihmed for other similar
irplanea, it should be possible to extend them to swept wings
md to tails.
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Comparison of wing InrJIetingloads and design loads,—
The results of the leaatiquares analysis of the wing buffeting
loads of the present tests can be used to compare the maxi-
mum wing buffeting loads likely to be encountered in stalls
with the wing design loads for the North American F-51D
airplane. From equation (26) the amplitude of the maxi-
mum btieting-load increment in an abrupt stall of duration
At is approximately

A.Lw=65.6~q log.(11.7 M) (40)

The dynamic pressure of the stall can be expressed in
terms of load factar, wing loading, and airplane normal-
force cceflicient as

~=n &W/fl
‘BB

Therefore A& can also be expressed as

A&=65.~~ (41)
BE

The largest value of A& would be found in stalls at limit
load factor at such speed and altitude that CNBBis as small as
possible. The least value for CNmin stfdk, figure 4(a), is
1,04, The limit load factor for the test airplane is 7.1 for a
gross weight of 9,000 pounds. These values give, for the
maximum value of && expected,

ALw.= lo50Jog,(11.7 At) (42)

or, for a stall of 5 seconds’ duration, &&m=2,650 pounds.
Such a buifeting load encountered in a stall at limit load

factor would be superimposed on a steady wing-panel root
structural shear of approximately 22,000 pounds. In terms
of a gross weight of 9,000 pounds, a root-shem fluctuation
of +2,660 pounds corresponds to a Ioad-factm fluctuation of
appro.simntely *0.30.

Fatigue.-For fatigue studies, information is needed on the
number of times a given value of load iEexceeded in a given
period. For a stationary random proww, this information
is provided by the mean-square load and the power spectrum
of the load, as in equation (B26). The simple btieting
model considered in appendix B is a singledegreeaf-freedom
system which is very lightly damped. For such a s@em,
the response to a random input has the character of a sine
wave with a frequency roughly equal to the system natural
frequency and an amplitude which fluctuatca irmgdarly.
The irregular amplitude fluctuations are characterized by the
probability distribution of equation (B31) which gives the
number of peaks per second -whichwill exceed a given value.
Since the total number of positive p+ per second cor-
responds to the natural frequency of the system fm (with an
equal number of minimums), equation (B31) provides a
simple basis for considering the fatigue aspects of buffeting.
(See also ref. 7.) Although based on a simplified model

which ignores any contribution of higher vibration modes to
the wing buffeting loads, equation (B31) may well represent
a satisfactory engineering approximation since modes of
frequency higher than fit bending ordimwily make but a
small contribution to wing-root shear.

CONCLUDINGREMARK9

Wing and tail builetiug loads have been measured on a
fighter airplane during 194 maneuvers. The half-amplitude
of the largest fluctuation in a structural shear was used as a
measure of buffeting intensity in each mmeuver. Correla-
tion coefficients of 0.9 ware found for loads on the left and
right wings and the left and right horizontal stabilizers.
Lew&squarea methods have been used to illustrate certain
trends in the data; in these studies the loads in the stall regime
were found to follow-a pattern which differed from that found
in the shock regime.

In the still regime primary variables affecting the mag-
nitude of the loads were speed and altitude as represented
by the dynamic pressure, but the square root of the dynamic
pressure w= a better measure of the load than was the first
power, a result which may be due to the action of aerody-
namic damping. The loads measured in maneuvers of long
duration were, on the average, larger than those measured
in maneuvers of short duration, a result -which is in acccrd
with considerations of stationmy random process=. As
compared with abrupt pull-ups, load cilleviation of about 50
percent was obtained by a gradual entry into the stall.

In the shock regime, the primary variable affecting the
magnitude of the loads was the w&nt of the penetration
beyond the buffet boundaxy. The data do not provide a
clear indication of a dependency of load on dynamic pressure,
a result which may be in part attributable to the operating
limitations of the airplane which rwtricted the range of the
investigation in the shock regime; a more detailed investiga-
tion appears to be required.

Loads were ilso measured on a modification of the airplane
incorporating internal wing-tip weights which reduced the
natural frequency of the wing in fundamental bending from
11.7 to 9.3 cps. Analysis of the mewured loads indicated a
reduction in wing loads of about 15 percent and a similar
percentage increase in the tail loads, as compared with the
loads on the b~ic airplane.

The loads on a simplified wing buffeting model have been
extied on the twmnption that buffeting is the linear
response of an aerodymmically damped elxtic system to an
aerodynamic excitation which is a stationmy random process.
The results of the prc9ent tests for stalls are su.fliciently
consistent with the results of the analytical study to suggest
the examination of the bnfleting of other airpkmes on the
same b~is.

LANGLEYAERONA~CAL LABORATORY,
NATIONALADVISORYCow- FOR AERONA~CS,

LANGLEYFIELD, VA., l’ebuury 11,196.4.



APPENDIX A

SUMMARY OF STATISTICAL PROCEDURES

A typical problem in linear regression involving a depend-
ent variable w and, say, two independent variables z and y)
which is solved by least-squares methods, is usually repre-
sented as iinding the unknown coticients a, b, and c in the
equation

W=ax+by+c

given a set of iV values of z and y assumed to be exact, and
iV corresponding mewued values of w denoted by w’. For
any set of values of a, b, and c, each measured value w; ‘and
the corresponding Calculated value w~ differ by the residual
ei where

Ef=w’i—wi

=w’*-ax,-by,-c

The theory of least squme-s assumes that the “best” vaIues
of a, b, and c are those for which the sum of the squarea of

theresiduals&t2 is a minimum, a condition which is fufllled

by the valuw of a, it, and c in the so-called least-squares
normal equations which may be represented in matrix form as

E:: 3{:}’{:;}
where the summation z denotes ~. The resulting pkme

ax+by+c passes through the point (i5i5,Z,~ determined by
the mean values of w’, Z, and y.

The present report is concerned with the application of
leastiquarea methods to equations of the type where c=O,
and

w= ax
or

W=ax+by

that is, problems where the least+ quares line or plane is
required to pass through the origin (w=z=y=O). In this
case for two independent variables, z and y, the values of
a and 13are given by the normal equations

E: :a{~}={=?
The solution may conveniently be written in terms of the
inverse matrix which for second~rder matrices is given by

t: :I=K:=1
[x’??1–Zw‘Z’X41–(ZW)’–~qX2

332

Accordingly

{O=k::1{=2
The sum of the squares of the residuals is given by

A measure of the spread in the measured valuea of w’ is 8w’,
the standard error of d defined by

where Ti7is the arithmetic mean of the measured valuea

~. The standard error of W’ is ~udy
N

evaluated by the equation

‘W’=m

most easily

The standard error of the mean sr is proportional to
8=’ and inversely proportional to the square root of thO
number of points, that is,

A measure of the ability of the regression equation to
represent the data is given by the standard error of estinmto
of the equation, which for w=ax is

d~’.—
8“’= N–2

and for w=ax+~ is

r
xl?-.—

‘W’= N–3

The standard errors of estimate of the constants a and b
are related to the standard error of eatinmte of the equation
and the terms on the principaJ diagonal of the invmse of
the matrix of the coefficients of the normal equation by
the relations

r8== cll l?w

8b=& 8W

The standard error of w’, that is, 8U’, is a measure of the
error involved in
mean value WT.

representing the N valuea of w’ by their
An equation, say, w=ax, for which the
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standard error of estimate S. is smaller than sU’ would
ordinarily be considered an improvement over the mean-
value repreaentation, since it implie9 that specification of a
value of x gives better information about the value of w’
than does the mean value ~. The methods of the analysis
of variance give a statisticrd estimata of whether the equa-
tion W=QX is improved by the addition of another variable
y to give w=a#+b~. For this particular que9tion (see
ref. 8) if ~ qs and ~~x represent the sum of the squares
of the reaidurds of the one- and two-parameter equations
being compared and the ratio

~=zti’-ze’
8%*

exceeds a certain critical value, then, on the basis of the
evidence at hand, the chances are at least 100 to 1 that the
improvement is real. The magnitude of the critical value of
~ depends upon the number of. values h? For iV=25, 60,
rmd 100, the valuea of F are 7.97, 7.20, and 6.91, respectively.

Although linear dependency between two variablea w
and z is usualIy expressed by a relationabip of the type
W=QX+C when the meaaured values of z are considered
exact, or in any event more nearly under experimental
control than the measurements of w, there are instancea
when a more general meaaure of the linear dependency of
two variables is desired. The coefficient of linear correlation
r is such a measure which doea not depend on the choice of
w or x as independent variable or on the units of w and x.
The value of r is usually calculated from the relation

but it can be shown that this value is equal to the square
root of the product of the slopes a and a’ in the two regres-
sion equationa

W=ax+c

and
x=a’w+c’

that is
T=@

The valuea of r fall within the range –1s O ~ 1, unit
values indicating exact linear dependence and zero indicah
ing complete independence of the two variables. A negative
correlation coefficient indicates inveme dependency; that is,
increasing valuea of one variable are associated with de-
creasingvaluea of the other.

For convenience in computation, all of the summations
required in regression and correlation studies of the variablw
w and x may be obtained by expressing the iV pairs of re-
lated measurements such as (w,z)~in the rectanguhw matrix

‘?@

and premultiplying this matrix by its transpose I[M’11,
so that the following symmetrical square matrix resulb:

Similar considerations apply, of course, to the study of
w, z, and y. More detailed treatment of the precision and
interpretation of regression studies will be found in refer-
encw 8 and 9. ~umerical procedures are described in
references 10 and 11.



APPENDIX B

LOADS ON A SIMPLIFIEDWING BUFFETINGMODEL

References 2 and 5 have illustrated the application of
methods developed in the study of stationary random proc-
esaea2to the problem of the buffeting of an elastic structure
such as a tail located in a turbulent &strewn. A simple
parallel treatment is possible which i.llustrateathe form of
the relationship between the airfoil motions and pertinent
structural, geometric, and aerodynamic parametam for an
elastically restrained airfoil subjected to the excitation of its
own separated flow.

The simplified model considered in the present section is
a rigid airfoil of mass m, span 6, mean chord 7, and area S’
restrained by a spring of stitbma k b oscillate in vertical
motion only. The vertical displacement z(t) from equilib-
rium oan be expressed by the differential equation for a
singledegree-of-freedom system:

(m)

where Y is the ratio of the damping to critical damping, ~ is
the undamped natural circular frequency given by the re-
lation

(132)

and F(t) is an impressed foroe. For an airfoil in a stream of
h of dynamic pressure ~ the exciting force associated with
a time-varying fluctuating section normal-force coefficient
c.(t) would be (three-dimensional effects being ignored)

F(t)=ca(t)zbg (B3)

If c.(t) is a random function of time but is expressible in
terms of a power spectrum of the cdiicient of the section-
normal-force fluctuations G2(w) such that the mean-square
section normal-force coefficient is

J
m

7
c. = cn2(w) da

o
(w

then z(t) is ako a random function of time, expressible by a
power spectrum 2(w) and, by reason of equation @l),
&(w) is related to G2(w) through the admittance A’(w) of the
system by the relation

(135)

where the admittxmoetaken as the square of the amplitude
ratio of the system i9

A2(w)=
1

(Y

(B6)
l–~ +4-19:2

The mean~quare displacement of the airfoil is given by the
definite integral of equation (B5), that is, -

Jp=?g$ m
4 C=2(W)A*(U) f-h

o

Evaluation of the integral in equation (B7)
complex problem, even under the assumption

m)

could be a
of positive

damping, but, for smallvalues of the dampb-g, the dr&%ance
A2(u) in equation (B7) changes ve~ rapidly in the frequency
band in the vicinity of resommce, w= w,, and it is possiblo to
substitute for GZ(w) in equation (B7) its value at w“ and to
write the approximate relation

(138)

For the admittance given by equation @6), the area under
the admittance curve is inversely proportional to the damping
ratio since

Therefore, the mean-square displacement is

(139)

(B1O)

For the simplified buffeting model considered, aerodpamio
damping forces would originate in the velocity of the vertical
motion 2 and the damping ratio could be expressed as

‘Zb(a),,,‘=2mwmV (1311)

where (CZJ or will be considered as an effeotive slope of the
lift curve applicable to the damping of small bending motions
of a stalled airfoil. The present flight teats have been con-
cerned with value9 of wing root shear, whioh are analogous
not to the airfoil displamment but to the load L=kz exerted
on the spring support. Hence, an expression for the mean-
square shear load in btieting obtained from equations (B2),
(I31O),and (1311)would be ~=h?~ or

(1312)

T’wo characteristics pertinent to the detition of the spec-
trum cn2(co) are its level, as determined by the mean square,
and its shape, or the frequency distribution of the excitation,
These cbra.cteristios may be expreeswdby writing %x(w) in
tie form

where @(w) is the power-spectraldansity function or shape
parameter whioh defines the eontribution to Z from the
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excitation in any frequency band between
Thus, in view of equation @14),

sm@(co)d@=lo
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w and u+da.

(3314)

For a section property, it seems probable that the fre-
quency u is a leasfundamental variable for deiining the shape
of the spectrum than a reduced frequency bssed on the speed
V and a linear dimension related to the size of the airfoil or
the chordwiae extent of }eparation. For the chord as the
pertinent linear dimension, a reduced shape parameter

()‘?
is related to @(co)by requirements of dimensional con-

sisten~, that is

q++ @(y) @15)

where the constant K which appears in the denominator is
the area under the curve defined by the reduced shape
parameter. Thus, on the basis of dimensional considera-
tions, the spectrum ~a(a) may be written as

where

‘=J%)’(?)

(1316)

(1317)

and the intansity of the fluctuations of section normal force
at a particular frequency is seen to depend not only on the
mean-squsre value 7 but also on the scale and speed and on
the spectral distribution of the excitation as expressed by the
reduced shape parameter. From equation (B16), which
provides a value for %Z(%), the mean-square btieting load is

(B18)

Little information is available concerning the shape param-

()
eter @ ~ for stalled airfoils. In references 2 and 14, iso-

tropic t&bulence has been used to illustrate a random exci-
tation expressible by a power spectrum. At a point in
isotropic turbulence, the turbulent component of velocity
w(t) normrd to the free-stream velocity V results in an equiv-

‘(t) which has ardent fluctuating angle of attack a(t)>

mean-square vahe ~ and a spectrum cJ(Q) that can be
written in terms of a reduced frequency lu/V as

(B19)

where 1is a linear dimension characteristic of the scale of the
turbulence, and

@20)

~
o 30 3.5 40 45 50

h
v

~Gmm 1%-I%ape of spectraldistributionfunotion (eq. @zO)).

for which the constant K of equation @17) is equal to T.
This particular shape parameter, which has been plotted in
figure 19, is relatively constant and close to unity for vihws
of reduced frequency less than 1 and then falls rapidly to
low values. The assumption that the spectrum of the co-
ef%cient of the section-normal-force fluctuations on a stalled

()airfoil @ ; has a shape similsx to that expressed in equa-

tion (B20) with l=c leads to an estimate of z for the constant
Kin equation (1318)and provides a guide for estimating the

()
v-she of@ $ .

In equation (B3) and thus in equation @lS), section
properties have been applied to the excitation of the entire
wing, an application which, in general, would be expected to
overestimate the net excitation since fluctuations at one
chord station would not necessarily be in phase with fluctu-
ations at another station. A simple overall correction is
possible, however, which is based on a correlation function
observed in isotropic turbulence and is directly related to
the spectrum, equation @19). This correction is similar to
the length correction used in hotmire anemometry and is
used in reference 14 to relate the mean-square angle-of-
attack fluctuation at a point along the span to the mean-
square value over the entire span. It involves the ratio of
the scale of the turbulence to the span & If the same overall
correction is applied to the coefficient of section-normal-force
fluctuations to take care of the major effects of spanwise
load correlation, the wing ~ would be related to the section
2 by the equation

@21)

This same overall correction leads to the final expression,
applicable to the simplified model, for ~ the mean-square
force exerted on the model support

With slight modification, an expression applicable to the
root shear of a wing panel can be obtained horn equation
(B22). For wing motions which are simplMed in that only
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fundamental bending at natural frequency u= is considered,
the vertical motion variea along the semispan direction yin
accordance with the shape of the bending mode zl(y) (taken
as unity at the tip). The stiflness k would be an effective
stiffness cmwsponding to this mode, where

k=mtum’ (lx@

and m. is an effective mass for bending in this mode, given
by the integral of the product of the spanwise wing mass
distribution m(y) and the square of the mode shape, or

J W
me= m(y) z12(@ dy

o
@24)

Thus for the assumed wing, the mean~quare root buileting
shear for one wing panel of span i5/2would be

or, in terms of aspect ratio A=; and total wing area 8= bZ,

the mean-quare root shear would be

For a given structure (c and cosfixed) the proportionality
between fi and q (or 7) could be modified by changes in the

0
value of the shape parameter@ ~ with speed. E, however,

the value of the reduced frequency ~ lies in a nearly flat

portion at the low-frequency end of the spectrum, then, for a
spectrum with a shape parwneter like that given by equation

c)
(1320), the value of the shape parameter@ ~ in equation

(B26) can be replaced by its approximate value, unity, and

@27)

Such a substitution would be valid over a range of speeds
which is wider for low values of Z and low vaIu* of natural
frequency %.

The foregoing development deals with the mean-square
load on a wing panel. If tlm buffeting of the simplified model
can be considered a normally distributed stationmy random
process., then the relationship between the mean-square root
shear ~ and the probable mnplitnde AL of the msxinmm
fluctuation occurring in a time interval At is fixed by the
power speotrum of tie load Z’(a). By use of the results
obtained in reference 12, the number of peak values per
second which will exceed a particular level U can be shown
to be (when ALI is large)

‘[J

m.

‘- ‘ ‘&L; (o)-&
Nti,=$ 0.

J L’ (~) da
o

f? a

e–AL1%2z (B28)

Just as equation (B7) was simpMed to equation (338) the
term in brackets is easily evaluated, since

@29)

and, for an admittance given by equation @6),

J
.

CO*A2(u) h= Uz2J“A’(Lo) h (B30)
o 0

Therefore, since %=2n-jm, “

N&, =jze-~ “IZG

and a value of AL will, on the average, be
a time interval M given by the expression

1
~t=jne-~=’tg~

(3331)

exceeded once iu

(B32)

or the value AL which occurs once, on the average, in a time
interval u is given by the equation

The ratio AL/@ is plotted in figure 20 for two valuea
of jn, 9.3 and 11.7 cps, corresponding to the basic and modi-
fied wing in the fundamental bending mode, the predom-
inant mode in the wing buileting time histories observed in
the present iuvwtigation.

Combination of equations (B27) and (B33) leads to an
equation which relates the maximum load A.-& (as measured
in the present tests) in a stall of duration A&to the geometric,
sh-ucturs.1,and aerodynamic characteristics of the simpli-
fied wing,

‘r

I

“2 ‘
I I I t’ I
.4- ‘fj’-.LoLo 2

I 1 I I I I I I I I
4 68K3 20 30405060s0

A ~, sec

Fmmm 20.—Variation of maxfmum-expeoted buffeting load with tinm
spent in buffetiig and wing natural frequency (eq. (B33)).
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